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Dr • . Poynter for allowing us to work with him 
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INTRODUCTION 
Reading is a basic necesslty for successful adaptation and 
achievement in our educational systems and society as a whole, 
It is the key to all the visual forms of language. More 
specifically it is a "a psycho-physical process involving the 
visual stimulus followed by transmission of neural impulses to 
the brain" ( Thomas H. Eames, M. D. ,, 1973) 
Unfortunately there is an incredible number of children and 
adults who are unable to effectively decifer written language. 
Although the total magnitude of the problem is not fully establ­
ished, estimates of the incidence of reading disability range 
from 8 to JO% of school age children. (Malm.J1.u1st, 1958; Bond and 
Tlnker,1967), The wide variation in estimated incidence results 
partially from the wide variety of reading problems, their etiology 
def1n1t1ons and ola.ss1f1cat1ons. 
There have been numerous suggestions as to the· major etiolo-
gical factors involved in reading disabilities, Some of the more 
specific causes suggested are language development, speech develop­
ment, vision development, maturational lag, hered1atary anomaly, 
neurological development, perceptual development, birth trauma, 
cultural stimulation, emotional development, inadequate teaching 
methods in schools and even broken homes, economic pressures, 
and malnutrition. (Ginsburg, 1951) 
Reading is more than a skill. It integrates and organizes 
experience. There is an old controversy as to whether poor 
eye movements are the result of poor language skills or whether 
oculomotor skills are a basic factor in contributing poor reading 
skills. 
BACKCIBOUND AND SIGNIFICANCE 
�any feel saccades (forward and regressive) and durat1on of 
fixations are problems associated. with reading disabilities. 
Taylor (1957), In an effort· to isolate eye movements from a 
complex reading task involving comprehension, Gilbert (195J) 
divided eye mo.vements into movements for position versus movements 
for position plus the intake of information. Reading a line of 
digits would be his example of position movements only or simple 
motor activity. Reading simple pro.se requires comprehension of 
the material as well as position. Not all agree that reading 
digits is 1n fa.ct only a motor movement. Tinker (1951,1958) 
feels that digit reading is reading symbols for words requiring 
higher processing much the same as for simple prose. 
The oculomotor process of reading consists of sacoades 
(forward and regressive), pause duration, accomodat1on, and ver­
gence, The actual intake of information must occur during a 
forward fixation when retinal images are stabilized (92.7% of 
the total reading t1me.) Eye movements take approximately 7.3% 
of the reading time. (Tinker, 1951). 
Duration of fixation ·depends on what type of information is 
being processed, that ls position information or position and 
text. {Abrams, Zuber, 1972) With an increased demand for compre­
hension, or use of more difficult text material, an increase in 
·fixatio& regressions and duration will be seen (Tinker, 1951) 
Walton (1964) found that the average duration or fixation pause was 
relatively unchanged with silent reading (for comprehension) for 
individuals in sixth grade through college level. Although 1t was 
a small sample, people with high phor1as tended toward longer 
fixation pauses. (Walton, 1964) 
With increased reading difficulty, G1nsberg(1951) found 
more forward fixations a�d regressions but a constant pause duration. 
There appears to be a balance between the number of fixations 
and the duration of fixation {Taylor,1965), The reader can have 
many fixations of short duration or fewer fixations of longer 
duration.(Ginsburg,1951) As the reader becomes more experienced 
and. proficient with age, the number of fixations and the number 
of regressions usually decrease. Typically, the greater the number 
of fixations and regressions,. the slower the reading. 
The question of fusional ability and fixational stress as it 
effects reading ability is addressed by several authorities. 
(Birnbaumand Birnba.um,1968; Friedman,1974, Park and Burri,1943) 
In one study by Birnbaum and Birnbaum, a significant number of 
their sample demonstrated binocular 1neff1c1ency and fusional 
problems resulting 1n d1plopia, confusion and decreased reading 
ability, Flom (1963), Wagner (19J7) and Fames (19L�8) in separate 
studies· found little significance from the effect of fus1onal 
def ic1enc.1es in the ability of reading performance. 
There ls varying opinions regarding the role of phoric 
posture and reading ability. Esophorla at far has be en cited 
as an indicator of poor reading ability (Wagner,1937). Exophor1a 
plus unstable fusion were commonly associated with poor readers 
from clinical experience according to Anapolle (1971). 
..... 
·. 
Accommodation, as a means of monitoring a clear retinal 
image, can have an effect on reading ability. Difficulties 
from insufficient accommodation as well as inability to re­
adjust to a new near point demand are frequently found in poor 
readers. (Nedrow, 1970; Solan, 1966) Accommodative insuf­
ficiency is the most common visual anomaly found in the study 
by H. Solan (1966) . Especially when dealing with a population 
of school age children, a h1gh incidence of hyperopia would be 
expected. The problem of accommodative fatigue following or 
during reading and near work is inherent in many cases of 
hyperopia. 'rhe relationship between hyperopia and reading 
disability has as yet to be delineated. (Grosvenor, 1971) 
The literature on the influence of oculomotor skills and 
their effect on reading are inconclusive. The literature 
relating accommodation and vergence to reading disability 1s 
likewise not conclusive and d.o�s not establish the presence 
or absence of a relationship. 
One problem faced in all these studies of reading ability 
in good and poor readers is their statistical and the number 
of variables involved. Reviewing previously used statistical 
techniques dealing with the relationship of eye move�ents, vision_ 
and reading ability, the influence which individual eye move­
ment behavior has on the total oculomotor behavior has been 
ignored. The results have therefore been of little advantage 
due to their failure to take into account the influence any 
of these eye movement behaviors might have on each other. 
Ideally, the influence of each of the eye movement behaviors 
should be removed such that the resulting relationship between 
any one eye .movement behavior and reading ability i s  not 
contaminated by the influence of the others. 
Are these eye-movement-behav1or-read.1ng-abi]1ty rela­
tionships ( assuming adjustment for the influence of the other 
eye movement behaviors ) non-addi �i ve, high intercorrelat1on 
among eye movement behavi ors? ( Blalock, 1964·) It is possi ble 
to accidently lose most of the power of an otherwise viable 
vision-readi ng ability hypothesis especially if the correla­
tions between each of the eye movment behaviors and readi ng 
abilj�ty are re la ti vely low. If the eye movement behaviors 
are highly .intercorrelated ( non-additive), then the relationship 
between one of the eye movement behaviors and reading ability 
descr i bes the relationship between any one of them and reading 
ability, and addi ng the relationshi ps between each of the 
other eye movment behaviors does not proY,i de additional 
informat ion. However, if the eye movement behavi ors have 
fairly low 1ntercorrelat1on then the 1nformat1on provided by 
the relationshi p  between one of them and reading ability may 
not be the same as that provided by any of the others and adding 
the rela.t�.onsh1ps may provide addi t:bnal informat ion about 
the general v1s1on-read1ng-ab111ty hypothesis. 
Of those di scovered and reyi ewed, no study of vision and 
reading ability using fixati ons, regressions, duration of 
fixat ion, accommodation or vergence has addressed i tself to 
or attempted to solve the problem of additivity or non­
additi v1ty among these eye movement behaviors using 
quantitative methods. Ideally, a satisfactory quantitative 
method of deali ng with the problem of addittvity or nonadd1t1v1ty 
among the eye movment behaviors should be employed. 
STATEMENT OF THE PROBLEM 
In th1s study, language factors w111 be controlled i n  
good and poor readers under digit and prose reading tasks at 
two age levels. This study will i nvesti gate saccad1c and 
duration of f ixatlon performance as a function of readi ng 
ability similar to that of Gilbert (1953). Accommodati on and 
vergence will also be investigated as a functi on of readi ng 
ability with language controlled. 
If above average and below average readers do not differ 
on the visuo-motor skills between digit and prose readi ngs, 
1t would suggest that neither the oculomotor factors nor 
language factors are i nvolved in reading disabi lity. If the 
two groups differ only on the prose, then it suggests that 
language ls the factor i nvolved. If the groups differ on prose 
and d1g1t readi ng, it would suggest v1.suo-motor factors are 
i nvolved. Thi s  analysis can be stat1st1cally analyzed for 
each oculomotor function and comb1nations of these functions. 
The purpose of this study was to 1) investi gate the role 
of saccades., duration of fixation, accommodati on and vergence 
performance as a function of readi ng ab111ty with language and 
age as independent variables 2) to describe the relati onship of 
each eye movement behavior and the combined eye movement 
behaviors with readi ng ability with the i nfluence of i ntelligence 
removed. 
EXPERIMENTAL DESIGN 
An initial screening was given to fourth and sixth grade 
students at Banks and Buxton Elementary Schools. The tests 
which were administered include the Peabody Picture Vocabulary 
Test, near visual acuity (monocular and binocular), and cover 
test. The purpose of the screening was to elminate strab1smics 
and those students with visual acuity l�ss than 20/40. 
Our sample was made up of forty-two fourth.graders and 
thirty-two sixth graders, all of whom passed the screening. 
The seventy-four students who were admitted to the study also 
were tested with a complete 21 point analytical examination, 
distance visual acuity and pursuits (both monocular and 
binocular). These additional visual tests were not used in the 
subject selection process. 
Measurements were taken of the effect of our three 
independent variables (age, reading ability and a language 
task (prose reading) versus a nonlanguage taslr (digit reading) ) 
on the five dependent variables. The dependent variables 
include fixation frequency, regression frequencey, average 
duration of fixation, accommodation and vergence. In only one 
study on saccades and duration of fixation was an attempt 
to control language fa.ctors in the experimental design (Gilbert, 
1953 and Griffin, 1974). Using the same approach as Gilbert 
and Griffin et al, we assumed prose reading was a task 
requiring not only a visual element but language as well. The 
digit "reading" was considered to have primarily a visual 
component only. In this way the effects of a language task 
L 
could be compared w1th the effects of a strictly visual or 
non-language task on o�r other dependent variables. 
In order to analyze th1s large number of variables, we 
used the stat1st1cal technique of multiple correlation/ 
regression (see Table 1) which is discussed in our results. 
ME'rHODLOG Y 
The apparatus used was built by Dr. H. L. Poynter and Dr. 
Clifton M. Schor. The apparatus involves a double mirror 
system surrounding the .infra red Eye Trac (See Figure I). 
(For a detailed explanation of apparatus, see Dr. Poynter's 
master thesis, "Visual Motor Performance in Reading Disabled 
Children on Digit and Prose Read.1ng",1976.) Using the apparatus, 
saccades (forward and regressive}, duration of fixations, accom­
modation, and vergence will be measured on each student under 
three different reading conditions. These conditions are l)prose 
(at the grade equivalent level of each student as.determined by 
Stanford Achievement test), 2) digits, and J) digits with varying 
numbers of X's (to introduce an element of confusion similar to 
prose reading conditions.) (See diagram #1.) These targets will 
be projected by Carosel slide projectors onto a translucent screen. 
Saccad1c eye movement recordings will be obtained on all sub­
jects for each of the three materials. Direct counting of forward 
fixations and regressions from the Eye Trac tape will be recorded. 
Duration of fixation will be measured by taking a predetermined 
elapsed time on the Eye Trac tape and dividing this by the total 
number of forward fixations and :r.egresslons. 
Accommodative posture measurements will be made by dynamic 
retinoscopy while subjects read each of the three materials. 
The dynamic ret1noscopy 1s made possible by a mirror system 
designed such that the subject remains ln the apparatus while 
reading directly off the screen. The distance between the student's 
corneal plane and the screen is fift�en inches or 2.67 diopters. 
The distance between the mirror which shows the reflex and the 
retinoscopic neutrality point is recorded. The mirror to 
- neutrality distance is added to the standard fifteen inches. 
J 
J 
L 
I '---
The accomodative lag is then computed by subtracting d1optr1c 
values ( 1.e. 2,67 D - 40/15 .. +the neutrality distance. ) 
Vergence measurements will be obtained by subjective 
measurements of fixation d1spar1 ty. 'I'he readlng materi al will be 
blocked and immediately replaced with the fixation disparity 
target, The Eye Trac wlll be monitored to approximate when the 
subject will reach the place where the fixation disparity target 
will be flashed. This will attempt to eliminate any extra eye 
movements ( sacca.des, vergence, etc. ) to allow for accuracy in 
testing fixation disparity. 
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Table la Experimental Design 
Fourth Grade 
Criterion Variable 
1. Stanford Achievement Test 1 Reading Comprehension Sub-11est 
Score 
Predictor or 
Measurement Variables 
1. Forward Fixation Frequency 
2. Regression Frequency 
3. Duration of Fixation 
4 .  Accommodative Lag 
5. Lateral Vergence 
6. Peabody 
Sixth Grade 
Criterion Variable 
Condi tiPn$ 
Digit Prose Reading 
Reading At Grade Level 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
1. Stanford. Achievement Testa Reading Comprehension Sub-Test 
Score 
Predictor or 
Measurement Variables 
1. Forward Fixation Frequency 
2. Regression Frequency 
J. Duration of Fixation 
4. Accommodative Lag 
5. Lateral Vergence 
6. Peabody 
Conditions 
D1g1t .Prose Reading 
Reading At Grade Level 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Multiple Correlation/Regression Equation 
y = a + biX1 + b2X2 + b3x3 + b4x4 + b5X5 + b6X6 
·where: 
Y..,. Criterion Variable: Beading Comprehension Score 
a = Intercept 
b - slope or beta coeff1c1erit for each predictor 
varlable 
x = an inq1v1dual score from each predictor variable 
L 
,, _ _:_�-··- ----- ----�-
L_� 
I 
�·--..... . �-
1 2 3 4 5 
6 7 8 9 
1 2 J 4 5 
6 7 8 9 
1 2 J 4 5 
6 7 8 9 
-···------ ---
Dia.gram #1 Target forD1g1t Rea.ding 
•rarget for Digit Rea.ding plus X's 
1xxx  2xxx 3xxxxx 4xxx 5xxxxxx 
6xx: 7xxxxx 8xxx 9.xxxxx 
1xxxxx 2xx Jxxx 4xxxxxx 5xxxx 
6xxx 7xxxxx 8xx 9xxxx 
1xxx 2xxxxxx Jxxxx 4xx 5xxx 
6xxx 7xxxxxx Sxxxx 9xx 
RESULTS 
R·"3lat1onsh1r.i of the Combined Eye Movement Behaviors to Reading 
Comprehension in the 'l'wo Age Groups and Two Reading Condi t1ons 
To describe the relationship between the combined eye 
movement behaviors and the reading comprehension score (deter­
mined by the Stanford Achievement Test), multiple correlation/ 
regression was the statistical technique of choice. Intellig ence 
was controlled by using the scores of the Peabod y Picture 
Vocabulary Test. A multiple regression equation involving 
all the eye movement behaviors (See Table 1) and the Peabody 
Plcture Vocabulary Test scores (as the predictor variables) 
to predict the reading comprehension scores was developed 
for each age group under both the prose and d1glt reading 
conditions. 
Two multiple regression equations (for each age group 
and each reading condition) were chosen to permit preliminary 
examination of the relationships between the combined eye 
movements and reading comprehension. These two equations 
contained the following eye movement behaviors and the 
Peabody Picture Vocabulary test scores (as a control for 
intelligence) i ( 1} fixation frequency, average dura.tion of 
fixation, accommodative posture and Peabody Picture Vocabulary 
Test score (See Graph 1) and (2) regression frequency, average 
duration of fixation, accommodative posture and Peabody Picture 
Vocabulary Test scores (See Graph 2). Since the intercorrelation 
betw:een fixation frequency and regression frequency was 
considerably higher £.90) than the intercorrelation among 
any other. of the predictor variables, ( .50 b eing the next 
highest ) , ·the multiple regression equations contained either 
fixation frequency or regression frequency but never both. 
Vergence was also deleted from the multiple reqression 
equation as it consistently showed an insignificant relationship 
to reading comprehension in both grades and reading conditions. 
Graphs 1 and 2 displayed the variation in reading 
comprehension accounted for by the Peabody Picture Vocabulary 
Test and the combined eye movement behaviors. The combined 
eye movement behaviors section in each age level and reading 
condition represented the amount of variation in reading 
comprehension accounted for and was calculated by summing the 
squared beta coefficients. With rare exception the beta 
coefficients of each predictor variable were significant at 
least at .the .16 level (one standard error ) . These equations 
were significant beyond the . 05 level. (See Appendix AJ 
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GRAPH 1 
The amount of Variation in Reading Comprehension Scores Explained 
by the Combined Eye 1-lovement Behaviors and the Peabody Picture 
Vocabulary Test 
Prec'l.ictor variables included under Combined Eye Movement 
Behaviors for the following four equations were (1) fixation 
frequency, (2) average duration of fixation and ( J) .accommodative 
lag. 
Prose Reading 
60% 
--
R2 = .40 
R = .71 
o<..= .05 
Prose Reading 
2 R == • 51 
R = . 71 
cX.= • 05 
Fourth Grade 
Peabody Picture 
Vocabulary 
Test 
Combined un 
Eye 
Movement 
Behaviors 
Sixth Grade 
Peabody Picture 
Vocabulary 
'rest 
Combined 
Eye . 
Movement 
Behaviors 
62% 
2 R = 
R = 
o( = 
59% 
D1Eiit Reading 
Peabody Picture 
Vocabulary 
Test 
23% 
Combined 
Eye 
Movement 
Behaviors 
.JS 
.62 
.05 
Digit Reading 
H2= .42 
R = .64 
CX...= .05 
Peabody Picture 
Vocabulary 
'l'est 
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Combined 
Eye 
Movement 
Behaviors 
Un 
unex 
GRAPH 2 
The Amount of Variation in Reading Comprehension Scores Explained 
by the Combined Eye Movement Behaviors and the Peabody Picture 
Vocabulary Test 
Predictor variables included under Combined Eye Movement Behaviors 
for the following four equations were (1) regression freguency, 
(2) average duration of fixation and. (J) accommodative lag. 
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Relationship of Ea.oh E;ye Mov�ment Behavior to Reading Comprehen­
sion in the Two.Age Groups and Two Reading Conditions with 
Intelligence and All other Eye Movement Behaviors Controlleq_ 
To determine the relationship between any single eye 
movement behavior and reading comprehension, the beta 
-coefficients ( slopes ) corresponding to each eye movement 
behavior were examined. The influence of intelligence as 
measured by the Peabody Picture Vocabulary Test and all other 
eye movement behaviors were removed, Beta coefficients reveal 
the relative weight and correlation coefficient of any individual 
predictor variable among all the predictor varibales} in 
accounting for the criterion variable. 'I1he data has been 
transformed into standard scores for i nterpretation and compar1-
son. 
Examination of the beta coefficients showed no difference 
between age groups or reading conditions. It is possible 
that the difference s  were not detected due to a distortion 
of the results by the statistical technique. (See i�ppendix A) 
-Differences Among the Relationships of the Combined EY:e 
:Movement Behaviors with.Reading Comprehension in the Two 
Age Groups and 'I'wo Rrad1ng Condi tons 
To determine if there was a difference in the combined 
eye movement behavior relatlbnships to reading comprehension 
under.the different conditions or between a.ge levels, the 
residual errors of the multiple regression equations can be 
compared. The residual error is the difference between the 
actual reading comprehension scores and those reading scores 
predicted·by the multiple regression equations, 
Each of the beta coefficients for forward fixations., 
regressive fixations, duration of f�_xation and accornmodati ve 
lag were all negative and significant. This indicates a 
negative correlation with reading comprehension when the 
variation in the other eye movment behaviors have been controlled, 
This occurs for both age levels and reading conditions. 
Due to violations of the basic assumptions required for 
the valid use of multiple regression, the above coef.fic1ents 
may be considerably biased and therefore of 11ttle·consequence. 
DISCUSSION 
Preliminary appraisal of our f i ndings in Graphs 1 and .2 
show that the general hypothesis of a relationship between 
visual behaviors and reading ability are reasonable. This of 
course must be confirmed by additional statistical treatment 
and with the awareness of several assumption violations in 
the statistical procedure. The combined eye movement behaviors 
pie section of each pie graph were of primary interest. The 
combined eye movement behavior section under the prose reading 
condition in each age level represerited both visual behaviors 
{related to reading comprehension score) that are inde pendent 
of· language as well as dependent on language. 1rh1 s same pie 
section under digit reading conditions for each age level 
represented visual behavior (related to reading comprehension 
score) that are ind ependent of language. 
To determine in a qualitiative way how mu c h of the visual 
behavior under prose reading was accounted for by visual be­
havior under digit reading conditions, the pie sections for visual 
behavior on digit and prose reading were compared. Since 
the visual behavior under prose reading appeared to account 
for approximately one-half or more of the visual behavior under 
digit readirig, the suggestion that there were language dependent 
visual behaviors naturally follows . There was a portion of 
visual behavior in prose reading which was independent of 
language. This was measured in the digit reading conditions, 
The above described relation.ship of visual behavior to language 
and non-language tasks is.consistent with the earlier models 
of reading and reading disability set forth by Gilbert {1953 ), 
Flax (1970), Holmes (197 0 )  .and Singer (1970 ) .  
A pie section comparison between age levels under each 
reading condition revealed the appearance of a stronger rela­
tionship between the combined eye movement behaviors and reading 
ability for the sixth grade than for the fourth grade subjects. 
This finding was consistent with a model of reading disability 
suggested by Flax (1970). 
At this point to break down the eye movement behaviors 
into individual comparisons with reading ability would be of 
little consequence due to the instability arid unreliability 
of the beta coefficients. {Appendix A ) . 
These preliminary findings relating the combined eye 
movement behaviors to reading ability concur with the model 
presented by Gilbert (195J), .Flax ( 1971), Holmes (1970 ) and 
Singer (1970 ) .  Therefore, with the removal of intelligence 
and language from the relationship, visual behavior and reading 
ability remained significantly related. 
SUMMARX 
'rhe purpose of the study was to examine the relationships 
between several eye movment behaviors and reading ability 
at two age levels with the influence of intelligence and 
language removed. The preliminary results (with incomplete 
computer analysis) suggested that this was a negative 
relationship between the combined eye movement behaviors and 
reading ability. 
The sample consisted of forty-two fourth grade and th1rty­
two sixth grade students. Measurements were made of forward 
fixation frequency, regression frequency, average duration of 
fixation, accommodative lag a.nd lateral vergence under prose 
and digit reading conditions. The Peabody Picture Vocabulary 
Test scores served as a control for intelligence. Reading 
ability was determined from the reading comprehension sub-test 
score of the Stanford Achievement Test. 
Multiple correlation/regression was the statistical 
technique used. The eye movement behaviors and the Peabody 
Picture Vocabulary Test scores were used as predictor variables 
with the reading comprehension score of the Stanford 
Achievement Test as the criterion variable. 
In order to accurately describe the relat�onship 6f each 
eye movement behavior tested and its effect on reading ability, 
additional statistical methods must be performed. This would 
allow a judgement of the relative importance of each of the 
eye movement variables 1n reading ability. 
These preliminary results do not allow rejection of 
causal models between visual behavior and reading ability. 
APPENDIX A 
The statistical method used in this study (multiple 
correlation/regression} has had a number of violations to the 
basic assumptions necessary for valid results, The first 
violation to become evident was excessive intercorrelation 
among the predictor variables or multicollinearity, All 
multiple regression equations run containing three or more 
predictor variables and most equations containing two predictor 
variables contained excessive multicollinearity, 
The other assumptions violated were (1) that residual 
errors or the difference between the actual criterion scores 
of reading comprehension and the predicted scores from the multiple 
regression equations were 1ndependent(or not autocorrelated) 
and. (2 ) that the residual errors from each multiple regression 
equation have the same variance(or were not heteroskedastio). 
Both autocorrelation and. heteroskedasticity were evident 
causing a bias of the estimated variances of the beta coefficient. 
Each of these three problems had generally predictable 
effects on the multiple correlation and beta coefficients and 
the variances upon wh1ch the standard scores were based. In 
order to compensate for these violations, it ls possible to 
repeat the multiple regression equations following several 
data transformations. The data must be transformed differently 
to· solve ea.ch problem • This calls for a reanalysis after each 
transformation. This process is in ptrogress at this t1me, 
However, the findings presented here.must be tempered with the 
knowledge of possible distortions· in the results caused by 
these statistical problems. 
This complex statistical analysis, including that which 
has bee.n completed and that which is in progress has been 
performed by Dr. H. L, Poynter, For a more in depth examinat:t on 
and explanation of the findings, statistical problems and 
corrections for the;.··  problems briefly mentioned here refer 
to Dr. Poynter's Masters Thesis entitled "Visual Motor Performance 
1n Reading Disabled Children on D1g1 t and Prose Reading". 
1. 
2. 
3. 
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